HYDRAULIC CLUTCH CONTROL OF VEHICLE POWER TRAIN 



FIELD OF THE INVENTION 

[OOOl] This invention relates to the control of a hydraulic clutch applied to a 
power train of a vehicle comprising an automatic transmission. 

BACKGROUND OF THE INVENTION 

[0002] In vehicles comprising an automatic transmission, when a shift lever 
of the automatic transmission is switched from a neutral (N) range to a drive (D) 
range in order for the vehicle to advance, for example, the hydraulic clutch is 
engaged in order to transmit the rotation torque of the engine to the drive wheel. 
Since an oil pressure supply path for supplying oil pressure to the hydraulic clutch 
is at zero when the hydraulic clutch is released, a time lag occurs between the 
supply of oil pressure to the oil pressure supply path and the engagement of the 
hydraulic clutch. If the speed of oil pressure supply is increased in order to reduce 
this time lag, shock is generated due to the rapid engagement of the hydraulic 
clutch. 

[0003] JP2001-336625A, published by the Japan Patent Oflftce in 2001 , discloses 

a method of temporarily raising the oil pressure inside the oil pressure supply path 

which is supplied to the hydrauhc clutch at the stage of shift lever operation, or in 

other words performing so-called precharging. When precharging is performed, 

hydraulic fluid is filled into the oil pressure supply path prior to the engagement 

action of the hydraulic clutch, and since the time lag in the engagement operation 
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of the hydraulic clutch is eliminated, the subsequent engagement action of the 
hydraulic clutch can be performed smoothly and swiftly. 



the precharge 



SUMMARY OF THE INVENTION 

[00041 In this conventional technology, if a driver of the vehicle switches the 
shift lever between the drive (D) range and the neutral (N) range frequently prior to 
advance of the vehicle, precharging is performed every time the shift lever is 
switched. As a result, the oil pressure inside the oil pressure supply path rises 
excessively such that when D range is selected and the vehicle actually begins to 
advance, engagement shock in the hydraulic clutch increases. 
[0005] It is therefore an object of this invention to maintain 
pressure of a hydraulic clutch which performs prechcirging at a preferred level even 
when a shift lever is operated repeatedly. 

[0006] In order to achieve the above object, this invention provides a control 

device for a hydraulic clutch which is provided in a power train of a vehicle to 

transmit a drive torque. The device comprises an oil pressure supply unit which 

supplies oil pressure to engage the clutch, and a programmable controller 

programmed to count an elapsed time following a release of the clutch, and cause 

the oil pressure supply unit, when the clutch is engaged from a state of release, to 

precharge the interior of the clutch in accordance with the counted time to fill the 

interior of the clutch with hydraulic fluid prior to engage the clutch. 

[00071 This invention also provides a control method of a hydraulic clutch 

which is provided in a power train of a vehicle to transmit a drive torque and Is 

engaged by oil pressure. The method comprises counting an elapsed time following 
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a release of the clutch, and precharging the interior of the clutch in accordance 
with the counted time to fill the interior of the clutch with hydraulic fluid prior to 
engage the clutch. 

[0008] The details as well as other features and advantages of this invention 
are set forth hi the remainder of the specification and are shown in the accompan3nng 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a schematic diagram of a vehicle power train to which this 
invention is applied. 

[0010] FIG. 2 is a flowchart illustrating a timer counting routine executed by 
a controller according to this invention. 

[OOll] FIG. 3 is a flowchart illustrating a voidage calculation routine executed 
by the controller. 

[0012] FIG. 4 is a flowchart illustrating a precharge period calculation routine 
executed by the controller. 

[0013] FIG. 5 is a diagretm illustrating the characteristic of a filling ratio and 
exhaust ratio map stored by the controller. 

[0014] FIG. 6 is a diagram illustrating the characteristic of a precharge 
pressure and tentative prechairge period map stored by the controller. 
[0015] FIG. 7 is a diagram illustrating the efiect of oil temperature on variation 
in the voidage of a piston cylinder. 

[0016] FIG. 8 is a timing chart illustrating variation in the voidage of the 

piston cylinder of a forward clutch when a shift operation between a D-range and 

- 3 - 



an N-range Is performed. 

[0017I FIG. 9 is a timing chart illustrating the variation in a precharge 
pressure instruction signal output by the controller. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0018] Referring to FIG. 1 of the drawings, the rotation torque of an internal 
combustion engine 60 of a vehicle is transmitted to a drive wheel 70 through a 
power train 1. 

[0019] The power train 1 comprises a torque converter 50, a forward /reverse 
change-over mechanism 10, and a belt continuously variable transmission (CVT) 
20. 

[0020] The torque converter 50 is a well-known mechanism for transmitting 
rotation smoothly using oil filled into its interior as a medium. 

[0021] The belt CVT 20 comprises a primary pulley 21, a secondary pulley 22, 
and a V-belt 23 which is wrapped around the pulleys 21 and 22. 
[0022] The rotation torque of the engine 60 is input to the primary pulley 21 
via the torque converter 50, the forward /reverse change-over mechanism 10, and 
an input shaft 21c. The primary pulley 21 comprises a fixed conical plate 21a 
which rotates integrally with the input shaft 21c and a movable conical plate 21b 
which is disposed opposite the fixed conical plate 21a. A V-shaped pulley groove is 
formed between the fixed conical plate 21a and movable conical plate 21b. The 
movable conical plate 21b displaces along the input shaft 21c in accordance with 
a primaiy pressure supplied from a primary pressure regulating unit 33, thereby 
altering the width of the pulley groove. 
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10023] The secondary pulley 22 comprises a fixed conical plate 22a which 
rotates integrally with an output shaift 22c and a movable conical plate 22b which 
is disposed opposite the fixed conical plate 22a. A puUey groove is formed between 
the fixed conical plate 22a and movable conical plate 22b. The movable conical 
plate 22b displaces along the output shaft 22c in accordance with a secondary 
pressure supplied from a secondary pressure regulating unit 34, thereby altering 
the width of the pulley groove. 

[0024] The belt 23 is engaged with the pulley groove of the primary pulley 21 
and the pulley groove of the secondary pulley 22 respectively, and transmits the 



vice versa. By 
and secondary 



rotation of the primary pulley 21 to the secondary pulley 22, or 
altering the width of the pulley grooves using the primary pressure 
pressure, the speed ratio of the belt CVT 20, or in other words the ratio of the 
rotation speed of the input shaft 21c to the rotation speed of the output shaft 22c, 
varies continuously. The pressure -receiving surface area of the secondary pulley 
22 and the pressure-receiving surface area of the primary pulley 21 are set to be 
substantially equal. The primary pressure regulating unit 33 and secondary pressure 
regulating unit 34 are both constituted by well-known pressure regulating 
mechanisms such as solenoids, servo links comprising mechanical feedback 
mechanisms, and step motors, and the primary pressure and secondary pressure 
are regulated in accordance with a signal from a controller 40. 

[0025] The forward/reverse change-over mechanism 10 is provided to switch 

the rotation direction of the torque which is transmitted between the engine 60 

and primary pulley 21. The forward /reverse change-over mechanism 10 comprises 

a planetary geair set 11, a forwcird clutch 12. and a reverse clutch 13. The 

planetary gear set 1 1 is a well-known mechanism constituted by a sun gear, planet 
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gesirs consisting of double pinions, a carrier, and a ring gear. The sun gear is 
connected to an output shaft of the torque converter 50, and the carrier is 
connected to the input shaft 21c of the CVT 20. 

[0026] The forward clutch 12 is engaged and released in accordance with a 
motion of a hydraulic forward clutch piston 12a. In a state of engagement, the 
sun gear and carrier are integrated and the output rotation of the torque converter 
50 is transmitted to the input shaft 21c as is. 

[0027] The reverse clutch 13 is engaged and released in accordance with a 
motion of a hydraulic reverse clutch piston 13a. In a state of engagement, by 
inhibiting the rotation of the ring gear, the carrier rotates in the opposite direction 
to the sun gear. As a result, the output rotation of the torque converter 50 is 
transmitted to the input shaft 21c in reverse. 

[0028] The supply of oil pressure to the forward clutch piston 12a and reverse 
clutch piston 13a is performed by a clutch pressure regulating unit 35 which 
operates in response to a signal from the controller 40. The forward clutch piston 
12a engages the forward clutch 12 upon reception of the supply of oil pressure 
from the clutch pressure regulating unit 35, and releases the foirward clutch 12 
when the oil pressure is released to a drain. Similarly, the reversie clutch piston 
13a engages the reverse clutch 13 upon reception of the supply of oil pressure from 
the clutch pressure regulating unit 35, and releases the reverse clutch 13 when the 
oil pressure is released to a drain. 

[0029] The clutch pressure regulating unit 35 supplies oil pressure exclusively 

to the clutch from among the forward clutch piston 12a and reverse clutch piston 

13a in response to the signal from the controller 40. The oil pressure magnitude 

is also controlled by this signal. Exclusive supply means that when oil pressure is 
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supplied to one of the clutches, the oil pressure of the other clutch is invariably 
released to a drain. The clutch pressure regulating unit 35 also releases oil 
pressure exerted on the forward clutch piston 12a and reverse clutch piston 13a to 
a drain in response to a signal from the controller 40. 

[0030] The primary pressure regulating unit 33, secondary pressure regulating 
unit 34, and clutch pressure regulating unit 35 each reduce a. line pressure 
supplied by a hydraulic pump 31 which is driven by the engine 60 and supply a 
reduced pressure to the corresponding apparatus in response to a signal form the 
controller 40. When the engine 60 is running, the line pressure is held at a 
predetermined pressure by a line pressure regulating unit 32 which operates in 
response to a signal from the controller 40. 

[0031] The controller 40 is constituted by a microcomputer comprising a 
central processing unit (CPU), read-only memory (ROM), random access memory 
(RAM) , and an input/output Interface (I/O interface) . The controller may also be 
constituted by a plurality of microcomputers. 

[0032] To perform the control described above, a range signal, an engine 
rotation speed signal, and a temperature signal are each rnput into the controller 
40 from an inhibitor switch 43 attached to a shift lever 43A which is operated by 
the driver of the vehicle, a crank angle sensor 45 which detects the rotation speed 
Ne of the engine 60, and a temperature sensor 46 which detects the oil temperature 
7 of the forward/reverse change-over mechanism 10 respectively. 
[0033] The shift lever 43A selectively specifies the drive (D) range, neutral (N) 
range, and a reverse (R) range in response to an operation by the driver. The 
controller 40 controls the clutch pressure regulating unit 35 in accordance with 
the selected range of the shift lever 43A, which is detected by the inhibitor switch 



43, such tiiat in the D-range the forward clutch 12 is engaged and the reverse 
clutch 13 is released, in the R-range the forward clutch 12 is released and the 
reverse clutch 13 is engaged, and in the N-range the forward clutch 12 and reverse 
clutch 13 are both released, 

[0034] The controller 40 also controls the output torque and rotation speed 
of the engine 60 by adjusting the fuel consumption amount, throttle opening, and 
ignition timing of the engine 60 by means of signal output to the engine 60. Here, 
an input torque Tin to the torque converter 50 and an output torque Tout from the 
torque converter 50 are expressed in relation to the engine rotation speed A/e, a 
coefficient of capacity t of the torque converter, and a torque ratio t of the torque 
converter by the following equations (1) and (2). 

[0035] Tin=t Ne^ (1) 
Tout^t t (2) 
[0036] As is understood from the equations (1) and (2), the transmitted 
torque of the torque converter 50 is determined by the engine rotation speed A/e. 
[00371 When the forward clutch 12 or reverse clutch 13 of the forward/reverse 
change-over mechanism 10 are engaged, the aforementioned precharging is performed 
in response to an operation of the shift lever 43A in order to achieve a smooth and 
swift action. The precharge pressure and precharge time period are controlled 
such that even if the shift lever 43A is SAvitched between the D-range and N-range 
frequently during a short time period, the precharge pressure does not rise excessively. 
[0038] To achieve this, the controller 40 executes the control routines shown 
in FIGs. 2-4. These routines are executed independently from each other at 
intervals of ten milliseconds while the engtae 60 is running. 

[0039] First, referring to FIG. 2, a timer counting routine will be described. 
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{0040] The controller 40 comprises in its interior a D-range timer, a non-D-range 
timer, an R-range timer, and a non-R-range timer. These timers do not exist 
physically, but are timer functions executed by software which uses the clock 
function of the microcomputer. 

[0041] In a step SlOl, the controller 40 determines whether or not the shift 
lever 43A has selected the D-range on the basis of an input signal from the 
Inhibitor switch 43. 

[0042] If the shift lever 43A has selected the D-range, the controller 40 
counts up the D-range timer and the non-R range-timer in a step S102. In a next 
step SI 03, the non-D-range timer and R-range timer are reset. 

[0043] If, in the step SlOl, the shift lever 43A has not selected the D-range, 
the controller 40 determines in a step S104 whether or not the shift lever 43A has 
selected the R-range. 

[0044] If the shift lever 43A has selected the R-range, the controller 40 
counts up the R-range timer and non-D-range timer In a step SI 05. In a next 
step SI 06, the non-R-range timer and D-range timer are reset. 

[0045] If, in the step S104, the shift lever 43A has not selected the R-range, 
the controller 40 counts up the non-D-range timer and non-R-range timer in a 
step S107. In a next step S108, the D-range timer and R-range timer are reset. 
[0046I The controller 40 terminates the routine following the processing in 
any of the steps S103, S106, and S108. 

[0047I By executing the routine described above, the four types of timers 
used to count continuous time periods of the D-range, non-D-range, R-range, and 
non-R-range respectively are coimted up and reset. 

[0048] Next, referring to FIG. 3, a voidage calculation routine will be described. 



[0049] When the forweird clutch 12 is engaged, the interior of a clutch piston 
chamber of the forward clutch 12 is filled with hydrauUc fluid, and when the 
forward clutch 12 is released, the chamber is empty. When the reverse clutch 13 
is engaged, the interior of a clutch piston chamber of the reverse clutch 13 is filled 
with hydraulic fluid, and when the reverse clutch 13 is released, the chamber is 
empty. 

[0050] The voidage Sp (S„) of these piston chambers is expressed according to 
the following equation. 

[0051] So Sf, = (capacity of clutch piston chamber - volume of hydraulic fluid inside 

clutch piston chamber) / capacity of clutch piston chamber 
[0052] Hence when the clutch piston chamber is filled with hydrauhc fluid, 
the voidage is zero percent, and when the clutch piston chamber is empty, the 
voidage is a hundred percent. During an engagement operation of both the 
forward clutch 12 and reverse clutch 13, the voidage decreases toward zero percent 
as time elapses, and during a release operation of the forward clutch 12, the 
voidage increases from zero percent as time elapses. 

[0053] The voidage when the forward clutch 12 is engaged is calcxilated on 
the basis of a value of the D-range timer according to the following equation (3A). 
SimUarly, the voidage when the reverse clutch 13 is engaged is calculated on 
the basis of a value of the R-range timer according to the following equation (3B). 
[0054] So = So(n.i, - D-RANGE TIMER VALUE • filling ratio (3A) 
S„ = Sf^„.,, - R-RANGE TIMER VALUE • filling ratio (3B) 
where, S^fn-i), S„^„.,; = voidage during the previous execution of the 

routine. 

[0055] The minimum vedue of the voidage Sq and the voidage S„ is zero 
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percent. 

[0056] Mecinwhile, the voldage when the forward clutch 12 is released is 
calculated on the basis of a value of the non-D -range timer according to the 
following equation (4A). Similarly, the voidage when the reverse clutch 13 is 
released is calculated on the basis of a value of the non-R-range timer according 
to the following equation (4B). 

[00571 So = So(n.i) + NON-D-RANGE TIMER VALUE • exhaust ratio . (4A) 
= Sp^„.,^ + NON-R-RANGE TIMER VALUE ■ exhaust ratio (4B) 
[0058] Referring to FIG. 5, both the filling ratio and the exhaust ratio increase 
as the oil temperature T rises. Maps of the filling ratio and exhaust ratio which 
are based on this characteristic are stored in advance in the memory (ROM) of the 
controller 40. and the controller 40 determines the filling ratio and exhaust ratio 
by referring to these maps every time the voidage (S^) is calculated. 
[0059] The voidage calculation routine shown in FIG. 3 is used to perform 
this calculation. This routine is applicable to both forward running and reverse 
running. The values enclosed in parentheses in each step indicate processing 
during reverse running. Here, the routine will be described using forwgird running 
as an example. 

[0060] First, in a step S201, the controller 40 determines whether or not the 
shift lever 43A has selected the D-range. 

[0061] If the shift lever 43A has selected the D -range, the controller 40 
calculates the voidage of the oil passage leading to the forward clutch 12 in a 
step S202 according to the equation (3A). 

[0062] If the shift lever 43A has not selected thelD-range, the controller 40 



calculates the voidage of the oil passage leading to the forward 
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clutch 12 in a 



step S203 according to the equation (4A). 

[0063] If selection of the D-range by the shift lever 43A continues , the processing 
of the step S202 is executed every time the routine is executed, and the voidage S^^ 
decreases. If, on the other hand, selection of the non-D-range by the shift lever 
43A continues, the processing of the step S203 is executed every time the routine 
is executed, and the voidage increases. 

[0064] Similarly, if selection of the R-range by the shift lever 43A continues, 
the processing of the step S202 is executed every time the routine is executed, and 
the voidage decreases. If, on the other hand, selection of the non-R-range by 
the shift lever 43A continues , the processing of the step S203 is executed every 
time the routine is executed, and the voidage increases. 

[0065] As described above, however, the voidages and vaiy from zero 
percent to a hundred percent, and hence voidages (S^) which fall below zero 
percent and voidages (SJ which exceed a hundred percent as a result of the 
calculation in the step S202 or S203 are restricted to zero percent and a hundred 
percent respectively. 

[0066] The controller 40 terminates the routine following the processing of 
the step S202 or S203. 

[0067] In this routine, the voidage calculated in the step S202 takes a 

value other than zero percent during the period from selection of the D-range by 

the shift lever 43A to the completion of engagement of the forward clutch 12. The 

voidage calculated in the step S203 takes a value other than a hundred percent 

during the period from selection by the shift lever 43A of another ramge following 

the D-range to the completion of release of the forward clutch 12. 

[0068] The voidage Sp^ is calculated similarly in the case of reverse running. 
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[0069] Hence the voidage (S^) Is updated every time the routine is executed. 
100701 FIG. 7 shows the voidage of the clutch piston chamber prior to 
engagement of the forward clutch 12. By executing the routine in FIG. 3 repeatedly, 
the voidage which results during a continuous time period of the non-D -range 
takes a larger value as the oil temperature T Increases. 

I00711 Next, referring to FIG. 4, a calculation routine for a precharge period 
Tp[^ ( Tpf^) will be described. 

[0072] First, in a step S301, the controller 40 calculates a precharge pressure 
PPo iPPf^ which can be applied by the clutch pressure regulating unit 35 on the 
basis of the oil temperature 7 of the forward /reverse change-over mechanism 10 
and the engine rotation speed Ne by referring to a map having the content shown 
in FIG. 6 which is stored in advance in the memory (ROM). In this map, the 
precharge pressure Pp^ [PPf^ increases as the engine rotation speed Ne increases. 
The precharge pressure Pp^ [Pp^] decreases as the oil temperature 7rises. 
[00731 In a next step S302, the controller 40 refers to the same map to 
calculate a tentative precharge period Tp^,* (Tp^l from the precharge pressure Pp^^ 
[Pp,^ and oil temperature T. According to the map, the tentative precharge period 
TPq* shortens as the precharge pressure Pp^ [Ppf^ increases. The tentative precharge 
period Tp^* also shortens as the oil temperature 7 rises. 

[0074] In a next step S303, the controller 40 determines whether or not the 

selected range of the shift lever 43A has shifted to the D -range (R-range) from 

another range since the previous execution of the routine. If the selected range of 

the shift lever 43A has shifted to the D -range (R-range) from another range since 

the previous execution of the routine, the processing of a step S304 is performed. 

[00751 In the step S304, the controUer 40 sets the latest voidage (S^,) 
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calculated in the routine of FIG. 3 to a precharge period correction voidage S^ip 
{Spf(p). In other words, the precharge period correction voidage S^ip [S^^) indicates 
the voidage Sj^ {S^ at the change-over point of the range to the D-range (R-range). 
After the processing in the step S304, the controller 40 performs the processing in 
a step S305. 

[0076] If, in the step S303, the selected range of the shift lever 43A has not 
shifted to the D-range (R-range) from another range since the previous execution 
of the routine, the controller 40 skips the step S304 and performs the processing 
of the step S305. Accordingly, the precharge period correction voidage S^(l> (S^^) in 
this case is a value set during the previous or an earlier execution of the routine. 
I00771 In the step S305, the precharge period Tp^ [Tpf^ is calculated by 
multiplying the precharge period correction voidage S^ij) (S^^) by the precharge 
period Tpo*{Tp^'). 

[0078] The controller 40 uses the precharge pressure Pp^ [PPf^ and precharge 

period Tpp{Tp^) obtained by executing the timer coimting routine, voidage calculation 

routine, and precharge period calculation routine described above to output a 

signal to the clutch pressure regulating unit 35 instructing that the precharge 

pressure Pp^ be supplied to the clutch piston chamber of the forward clutch 12 

over the precharge period Tp^, as shown in FIG. 9. The figure relates to a shift 

from the N-range to the D-range, but the controller 40 also outputs a signal to the 

clutch pressure regulating unit 35 instructing that the precharge pressure Pp^, be 

supplied to the clutch piston chamber of the reverse clutch 13 over the precharge 

period Tp^ when a shift is performed from the N-range to the R-range. By 

outputting such an Instruction signal to the clutch pressure regulating unit 35, 

the pressure inside the clutch piston chamber rises swiftly and smoothly. 
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10079] The processing of the step S305 indicates that the precharge period 
TPo (^Pfl) takes a greater value as the voidage S^, (S^) at the change-over point of 
the range to the D-range (R-range) increases. For example, if the driver shifts the 
shift lever 43A from the D-range to the N-range and then immediately shifts back 
to the D-range, the value of the non -D-range timer is small, and therefore the 
value of the voidage at the change-over point to the D-range is small. Accordingly, 
the precharge period correction voidage 5^,0 decreases and the precharge period Tp^ 
shortens. The precharge period Tp^ also shortens if the driver shifts the shift lever 
43A from the R-range to the N-range and then immediately shifts back to the 
R-range. 

[0080] By varying the precharge period Tp^ (Tp^) in accordance with the value 
of the non-D-range timer (non-R-range timer) in this manner, excessive pressure 
in the clutch piston chamber of the forward clutch 12 (reverse clutch 13) can be 
prevented. 

[0081] Further, as described above, the tentative precharge period Tp^* iTpp^*) 
shortens as the oil temperature 7 rises, and the precharge period Tp^, (Tpn) shortens 
accordingly. The reason therefor is as follows. 

[0082] Referring to FIG. 8, at a time t1 at which the voidage of the clutch 

piston chamber of the forward clutch 12 is a hundred percent, the driver shifts the 

shift lever 43A from the N-range to the D-range. As a result, precharglng is 

performed and the voidage of the clutch piston chamber of the forwau-d clutch 

12 decreases to zero percent at a speed corresponding to the oil temperature T. If 

the driver shifts the shift lever 43A back to the N-range from the D-range at a time 

t2, the voidage S^yOf the clutch piston chamber of the forward clutch 12 rises to a 

hundred percent at a speed corresponding to the oil temperature T. 
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[0083] When the oil temperature T is low, hydraulic operation responsiveness 
is slow, and thus during a change-over from the N -range to the D -range, the speed 
at which the voidage decreases is slower than when the oil temperature T is 
high. The speed at which the voidage increases during a change-over from the 
D -range to the N-range is also slower than when the oil temperature 7 is high. 
[0084] Hence if the precharge period is set regardless of the temperature T, 
Irregularities occur in the state of precharging depending on the temperature 7. In 
order to compensate for such irregularities, the characteristic of the tentative 
precharge period Tp^*{Tp^') is set such that the precharge period Tp^ {Tp^ lengthens 
as the temperature 7 decreases. As a result, the precharge period Tp^ iTpp) 
lengthens as the oil temperature Tdecreases even when the value of the non-D-range 
timer (non-R-range timer) is the same. By means of such setting, the effect of the 
oil temperature Ton the hydraulic operation response is eliminated, 
[0085] As described above, this invention sets the precharge period Tp^ {Tpf^ 
during a shift back to the D-range or the R-range to be shorter as the value of the 
non-D-range timer or non-R-range timer decreases. As a result, appropriate 
precharging is performed In accordance with the residual hydraulic fluid in the 
clutch piston chamber. Even when the shift lever is shifted repeatedly and 
frequently from the D-range to the N-range or from the N-range to the D-range, 
precharging does not become excessive, and thus engagement shock in the hydraulic 
clutch due to excessive precharging can be prevented. 

[0086] The contents of Tokugan 2002-248702, with a filing date of August 28, 
2002 in Japan, are hereby incorporated by reference. 

[0087] Although the Invention has been described above by reference to certain 

embodiments of the invention, the invention is not limited to the embodiments 
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described above. Modifications and variations of the embodiments described above 
will occur to those skilled In the art, in light of the above teachings. 
[0088] For example, in this embodiment, a belt CVT is used as the transmission , 
but similair favorable effects are obtained when this invention is applied to an 
automatic tremsmission comprising a planetary gear set, for example. 
[0089] In this embodiment, the engine rotation speed Ne and oil temperature 
T are respectively detected by sensors, and the timers are realized as functions of 
the controller 40. However, this invention is not dependent on these methods of 
obtaining parameters, and may be applied to any hydraulic clutch control device 
which executes the claimed control using the claimed parameters. 
[0090] The embodiments of this invention in which an exclusive property or 
privilege is claimed are defined as follows: 
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